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Advances in poly(ethylene terephthalate) hydrolases
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Abstract: Plastics have brought invaluable convenience to human life since it was firstly
synthesized in the last century. However, the stable polymer structure of plastics led to the
continuous accumulation of plastic wastes, which poses serious threats to the ecological
environment and human health. Poly(ethylene terephthalate) (PET) is the most widely produced
polyester plastics. Recent researches on PET hydrolases have shown great potential of
enzymatic degradation and recycling of plastics. Meanwhile, the biodegradation pathway of
PET has become a reference model for the biodegradation of other plastics. This review
summarizes the sources of PET hydrolases and their degradation capacity, degradation
mechanism of PET by the most representative PET hydrolase—I/sPETase, and recently reported
highly efficient degrading enzymes through enzyme engineering. The advances of PET
hydrolases may facilitate the research on the degradation mechanism of PET and further
exploration and engineering of efficient PET degradation enzymes.
Keywords: poly(ethylene terephthalate);
mechanism; enzyme engineering
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Figure 1
degradation pathway by 1. sakaiensis 201-F61**.
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Figure 2 Phylogenetic tree of PET hydrolases from different sources generated by neighbor-joining

algorithm.
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3 IsPETasef] =4 45#3(PDB ID: 5XG0)"™

a-8RhE BoR EE L, B-ITE MR ML A, SRS

I ¢ (M AR T I 7S 34 B B R A Ak — k1A (S 160-H237-D206)
Figure 3  Structure of IsPETase (PDB ID: 5XG0)"!. a-helix are shown in cyan, p-fold are shown in red, and
catalytic triad in green dashed circle are shown as green sticks.
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Figure 4 Proposed mechanism for PET hydrolysis catalyzed by IsPETase.
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R2 IsPETaseIEE T 12 o4iE
Table 2 Enzymatic engineering of IsPETase

Mutation sites AT, (°C) Degradation characteristics of PET (improved) Design approach and References
interpretation

S139T NA* Production amount of TPA increased by 8% Directed evolution [47]

W159H/S238F +9.7 Ability to reduce the crystallinity and products Homology modeling [72]
release amount was improved

S121E/D186H/R280A +8.8 40 °C, 72 h, PET degradation activity was Structure-based design [69]
increased by 14-fold

WI159H/F229Y +10.4 40 °C, 24 h, PET degradation activity was Mutation design tool [73]
increased by 40-fold Premuse

S214H/1168R/W159H/S188Q/ +31.0 37 °C, 10 d, over 300-fold enhanced GRAPE strategy [71]

R280A/A180I/G165A/Q119Y/ degradation activity toward PET films

L17F/T140D (DuraPETase) (crystallinity 30%)

S121E/D186H/R280A/N233C/ +22.3 Thermal stability was improved, and the Homology alignment [74]

S282C (TS-PETase)

activity retention time was prolonged at the

reaction temperature. The products yield
increased as the reaction proceeds

TS-PETase+K95N/F2011 (TM3) +5.3
nanoparticles

120 times higher degradation of PET

Directed evolution and [70]
structural comparison
with LCC-ICCG mutant

DuraPETase+N233C/S282C (D1) +36.1 Relative activity doubled at 50 °C and 60 °C  Structural comparison [70]
with LCC-ICCG mutant
TS-PETase +37.5 Thermal stability was improved, generating Directed evolution [13]
+P181V/S207R/S214Y/ 2.7x10* mol/L of product per mole of
Q119K/S213E/R90T/ HotPETase within 1 h at 65 °C, with
Q182M/N212K/R224L/ degradability to commercial PET materials
S58A/S61V/K95N/M 154G/
N241C/K252M/T270Q
(HotPETase)
S121E/D186H/R280A/R224Q/ +22.3 Compared with SI21E/D186H/R280A, PET  Structure-based, machine [54]
N233K (FAST-PETase) hydrolysis activity increased by 2.4 and learning algorithm
38 times at 40 °C and 50 °C
DuraPETase+N233K +38.4 IsPETase variant with the highest 7}, so far Structure-based, machine [54]

learning algorithm

*: Not available.

HrhAs & G62A Fl G62A/1213S, 7E 65 °C T J2
¥ 50 h )5, {fi PET 2 H i 43%; Oda ™
Wt 7 A Asp250 Fil Glu296 5] A —A> i,
T i 0 BRSO PRI B R B I AR IR R
T 20-30 °C L) I, Pfaff 2:B5%} PES-H1 #:47

MiE, L92F/Q94Y ZEAF AN IR 4G i PET ¥R
(45 A 13%) ) A RE ) s T 57 A4E 7 PES-HI1 K&
LCC-ICCG.

4 REZEHEY
H T, SR & 09 R A ZE AWK,
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AR AT, B 2050 4R A 1212t
S} I 3 AT S5y SRSE g 8 AR IR BT R 1,
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